Early graft loss and poor graft function limit the use of kidneys from infant donors. Six en bloc kidney transplantations were performed from infant donors younger than 10 months into pediatric recipients between November 2012 and September 2015 at our center. We retrospectively analyzed recipient and donor demographics, surgery procedures, complications, graft function and size, and patient and graft survival with a follow-up of 6-39 months (median 15.5 months). Donor age ranged from 1 to 10 months with weight ranging from 3.5 to 10 kg. Recipient age ranged from 10 to 16 years with weight ranging from 30 to 39 kg. One kidney was removed due to arterial thrombosis during surgery, while the other kidney of this en bloc graft remained viable. Urine leak followed by bilateral ureteral obstruction occurred in one recipient. All of the recipients showed immediate graft function. The size of the en bloc kidney increased from 4.2±0.6 cm to 7.6±0.6 cm 6 months after surgery. Patient and graft survival were both 100% at the last follow-up. Our results show that en bloc kidney transplantation from infant donors younger than 10 months into pediatric recipients is effective under the condition of experienced surgical techniques and perioperative management.
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| INTRODUCTION
Potential pediatric donors are underutilized for kidney transplantation.
1,2 Insufficient renal mass, surgical challenge, vascular thrombosis and hyperfiltration injury are the main obstacles. [3] [4] [5] [6] [7] En bloc transplantation of small pediatric kidneys can provide more renal nephrons, while increasing request for surgical techniques.
Although notable surgical complications occur when en bloc pediatric kidneys are transplanted into adult recipients, 8, 9 the long-term allograft survival and renal function are favorable. 10 There are only a few publications reporting utilization of en bloc pediatric kidneys for pediatric recipients, [11] [12] [13] and en bloc kidney transplantation from infant donors to pediatric recipients is even more rare. With development of the new organ donation and transplant system in China, 14, 15 accumulating pediatric donors has become a remarkable organ source of deceased kidneys. Herein, we report six consecutive cases of en bloc kidney transplantation from infant donors younger than 10 months to pediatric recipients with good outcome, and provide clinical experience and supportive evidence for utilization of small pediatric donor kidneys. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.
| MATERIALS AND METHODS
| Study design
This is a retrospective study. Kidney transplantation from pediatric donors and for pediatric recipients in the First Affiliated Hospital of Sun Yat-sen University between November 2012 and September 2015 was included. Clinical data of en bloc kidney transplantation from infant donors into children recipients were collected and analyzed. This study was approved by the institutional ethics committee.
| Data collection
The following data of donor characteristics were collected: gender, age, body weight, ABO blood type, graft size, cause of death, terminal SCr level and eGFR at procurement, CIT, and WIT of donor kidneys.
The following data of recipient characteristics were collected: gender, age, body weight, ABO blood type, primary disease, dialysis treatment, SCr level and eGFR prior to transplant, PRA, and HLA MM.
Patient and graft survival were summarized. Incidence of DGF, rejection, and other complications was analyzed. Renal allograft function indicated by SCr and eGFR at 1 week, 1 month, 3 months, 6 months, and 12 months after transplantation was evaluated. Graft growth was measured by ultrasound examination at 1 week, 2 weeks, 1 month, 3 months, and 6 months after transplantation. DGF was defined when dialysis was needed within the first week post-transplant. 16 Estimated GFR was calculated according to the Schwartz formula. 17 After transplantation, all the patients were followed up weekly within the first month, biweekly within the next 2 months, monthly within the next 9 months, and every 2 or 3 months thereafter. No biopsy was conducted due to no evidence of clinical rejection or allograft dysfunction.
| Surgical procedure of en bloc kidney transplantation
En bloc kidneys were recovered with aorta, vena cava, and bilateral ureters in continuity with bladder. The distal end of aorta and vena cava was closed inferior to renal vessels at the back table. The pre- 
| Immunosuppressive regimen
rATG (1 mg/kg/d for 3 days) was used as induction therapy. Tacrolimus, MMF or EC-MPS, and prednisone were used as maintenance therapy.
The trough level of tacrolimus was maintained at 6-8 ng/mL in the 
| Statistical analysis
Continuous variables with normal distribution were expressed as mean±SD, while continuous variables with non-normal distribution were expressed as median.
| RESULTS
| Demographic characteristics
Donor characteristics were summarized in Table 1 The cold and WIT of donor kidneys were 13.5±3.6 hours and 3.3±1.4 minutes, respectively.
Recipient characteristics were summarized in Table 2 . There were three males and three females, with a mean age of 13.2±1.6 years, and a mean body weight of 33.9±3.6 kg. The recipient-to-donor body weight ratio was 6.6±2.5. The primary diseases were nephrotic syndrome (n=1), IgA nephropathy (n=1), ANCA-associated nephritis (n=1),
T A B L E 1 Clinical characteristics of donors
No. a The matched donor and recipient were labeled with the same number as in Table 1 . b The recipient lost one kidney of the en bloc graft by thrombosis.
Donors
membranous nephropathy (n=1), and congenital solitary kidney (n=2).
Three patients received PD and two HD. The duration of dialysis was 6.8±6.1 months. One patient underwent preemptive transplantation.
PRA was negative in all recipients before surgery, and HLA MM number was 2.7±0.8.
| Transplant outcome
One unilateral kidney of an en bloc graft was removed during transplant surgery due to immediate renal artery thrombosis, while the other kidney survived and functioned well. The median follow-up time was 15.5 months with a range from 6 to 39 months. Patient and graft survival rate were 100% during the follow-up period.
There was no DGF. Graft function of the five remaining en bloc kidney transplant recipients was shown in Figure 2 
| Growth of pediatric grafts
Renal graft size was routinely measured by ultrasound within the first 6 months after transplantation. The length of the en bloc kidneys was 4.2±0.6 cm at donation and increased to 5.0±0.7, 5.7±0.8, 6.7±0.6, 6.9±0.6, and 7.6±0.6 cm at 1 week, 2 weeks, 1 month, 3 months, and 6 months after transplantation, respectively ( Figure 2C ). The length of the solitary kidney was 5.5 cm at donation and increased to 6.6, 7.5, 7.8, 9.0, and 9.5 cm at 1 week, 2 weeks, 1 month, 3 months, and 6 months after transplant, respectively ( Figure 2C ).
| Complications
Mechanical injury of ureter stent caused urine leakage in one patient at 3 days after transplantation and eventually led to ureteral obstruction. The other ureter in the same patient was obstructed due to ureter stent falling into bladder. Urine leakage was spontaneously recovered after continuously adequate drainage, and ureteral obstruction was solved by placement of new ureter stents. There was no evidence of clinical rejection, transplant renal artery stenosis, or proteinuria during the follow-up period.
| DISCUSSION
This study presented clinical experience and satisfactory short-term transplant outcome of en bloc kidney transplantation from infant donors younger than 10 months into pediatric recipients, which adds supportive evidence for the utilization of small pediatric donor kidneys to children with ESRD.
Vascular thrombosis is the most common vascular complication in en bloc kidney transplantation from pediatric donors younger than 2 years old, and the reported graft loss rate is 10%-25%. 3, 10, 18, 19 Furthermore, a donor age younger than 12 months is generally suggested to be a threshold for higher risk of graft thrombosis. 10, 20 A previous study showed three of four patients who received kidneys from donors younger than 1 year experienced graft thrombosis. 13 In the present study, 11 kidneys from six en bloc grafts (92%, 11/12) were free of thrombosis and no en bloc allograft was lost.
Compared to the reported complicated process of vascular reconstruction, 21, 22 our concise method makes the back table procedure There are two theories of renal growth based on different physiological mechanisms: normal growth and compensatory growth, which are also respectively called "programmed growth" and "hyperfiltrationdriven growth." 25, 26 The mismatch in size between the donor and recipient determines the growth mode of pediatric renal grafts. kidneys from pediatric donors weighing <10 kg were more safely transplanted as en bloc. 19 Sureshkumar et al. 28 reported single kidney transplantation from pediatric donors weighing <0 kg was unfavorable considering the similar graft failure risk with kidney transplantation from older donors. Borboroglu et al. 29 believed that pediatric kidneys should be split for two recipients when the length of a kidney is more than 6 cm or the kidney is from a donor weighing more than 14 kg. In this study, all the kidneys from donors weighing <10 kg were transplanted as en bloc with acceptable vascular complications. Interestingly, it is of note the solitary kidney presented immediate graft function and sufficient compensatory effect either in kidney volume or renal function (eGFR) as shown in Figure 2 . The donor age was 8 months after birth with a body weight of 8.5 kg, while the recipient age was 13 years with a body weight of 32 kg (Tables 1 and 2 This study has some limitations. This is a small cohort with a median follow-up period of 15.5 months. A large group of en bloc kidney transplantations from infant donors into pediatric recipients is needed to determine the transplant outcome, especially in the longterm period. Renal graft size was measured by ultrasound examination, which might affect accurate evaluation of graft growth.
In conclusion, our data suggest that en bloc kidney transplantation from infant donors younger than 10 months into pediatric recipients is effective under the condition of experienced surgical techniques and perioperative management. Further follow-up is necessary to observe the long-term outcome.
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